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Quantization of Two-Dimensional Gravity with
Dynamical Torsion
P. M. Lavrov∗, P. Yu. Moshin
Tomsk State Pedagogical University, Tomsk 634041, Russia
We consider two-dimensional gravity with dynamical torsion in the BV and BLT for-
malisms of gauge theories quantization as well as in the background field method.
1. Introduction
Two-dimensional theories of gravity1−9 and superagrvity10−12 are interesting mainly due to their
close relation to string and superstring theory. On the other hand, simple two-dimensional
models provide a deeper insight into classical and quantum properties of gravity in higher
dimensions. It should also be noted that in a number of cases such models are exactly solvable
at the classical level.
One of the models of two-dimensional gravity which has been extensively discussed recently
(at both the classical 13−16 and quantum17−20 levels) is the model7 originally proposed in the
context of bosonic string theory with dynamical torsion21 in order to address certain difficulties
of string theory. Thus, the study of Ref. 21 showed (using the path integral approach) that
there is no critical dimension for the string with dynamical torsion. Note also that the model7
presents the most general theory of two-dimensional R2-gravity with independent dynamical
torsion that leads to second-order equations of motion for the zweibein and Lorentz connection.
The equations of motion of the model have been analyzed in Refs. 7, 13, 14 (in conformal7,13
and light-cone14 gauges) where their complete integrability was demonstrated.
At the same time, the model7 contains solutions with constant curvature and zero tor-
sion, thus incorporating a number of other two-dimensional gravity models1,2,9 (whose actions,
however, do not admit, as compared to that of Ref. 7, of purely geometric interpretation).
The Hamiltonian structure of gauge symmetries of the model7 has been studied in Ref. 16
and its canonical quantization, in Refs. 17, 18.
Our interest in the theory of two-dimensional gravity with dynamical torsion7 is due to
the recent paper20 whose authors made an attempt at quantizing a model (with auxiliary
fields) they suggested, which is classically equivalent to that of Ref. 7. To quantize this theory
(in its formulation with the algebra of gauge transformations open of-shell) the authors20 use
a modification of the Faddeev–Popov rules; however, in our opinion, they failed to give a
consistent procedure for constructing the quantum action. Notice that the classical equivalence
of two theories generally does not imply their equivalence at the quantum level (see, for example,
Ref. [22]). In this connection, the present paper deals with the treatment of the original model7
in different versions of Lagrangian quantization, namely in the BV23 and BLT24 quantization
schemes for general gauge theories as well as in the background field method (for details see,
for example, Ref. 25).
We use De Witt’s condensed notations26 in general formulas of Refs. 23, 24. The Grassmann
parity and ghost number of a certain quantity A are denoted ε(A), gh(A) respectively.
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For indices of quantities transforming by the Lorentz group, we use Latin characters: i,
j, k . . . (i = 0, 1); εij is a constant antisymmetric second-rank pseudo-tensor subject to the
normalization condition ε01 = 1. Greek characters stand for indices of quantities transforming
as (pseudo-)tensors under the general coordinates transformations: λ, µ, ν . . . (λ = 0, 1); given
this ǫµν = −ǫνµ (ǫ01 = 1). Derivatives with respect to fields are understood as the right-hand,
and those with respect to sources and antifields, as the left-hand ones.
2. Two-dimensional Gravity with Dynamical Torsion
The theory7 of two-dimensional gravity with dynamical torsion is described in terms of the
zweibein and Lorentz connection (eiµ, ωµ) by the action
S(eiµ, ωµ) =
∫
d2x e
(
1
16α
Rµν
ijRµνij −
1
8β
Tµν
iT µνi − γ
)
, (1)
where α, β, γ are constant parameters. In Eq. (1), the Latin indices are lowered with the help
of the Minkowski metric ηij (+,−), and the Greek indices, with the help of the metric tensor
gµν = ηije
i
µe
j
ν . Besides, the following notations are used:
e = deteiµ,
Rµν
ij = εijRµν , Rµν = ∂µων − (µ↔ ν),
Tµν
i = ∂µe
i
ν + ε
ijωµeνj − (µ↔ ν).
The action (1) is invariant under the local Lorentz transformations eiµ → e
′i
µ , ωµ → ω
′
µ
e
′i
µ = (Λeµ)
i,
(2)
(Ω
′
µ)
i
j = (ΛΩµΛ
−1)ij + (Λ∂µΛ
−1)ij , (Ωµ)
i
j = ε
ikηkjωµ,
or infinitesimally (with the parameter ζ)
δeiµ = ε
ijeµjζ, δωµ = −∂µζ, (3)
as well as under the general coordinates transformations
x → x
′
= x
′
(x),
eiµ → e
′i
µ(x
′
) =
∂xλ
∂x
′µ
eiλ(x), (4)
ωµ → ω
′
µ(x
′
) =
∂xλ
∂x
′µ
ωλ(x),
and, consequently, under the corresponding infinitesimal transformations (with the parameters
ξµ)
δeiµ = e
i
ν∂µξ
ν + (∂νe
i
µ)ξ
ν ,
(5)
δωµ = ων∂µξ
ν + (∂νωµ)ξ
ν .
Added together, the gauge transformations (3), (5) form a closed algebra
[δζ(1), δζ(2)] = 0,
[δξ(1), δξ(2)] = δξ(1,2), (6)
[δζ , δξ] = δζ′ ,
2
where
ξµ(1,2) = ξ
ν
(1)∂νξ
µ
(2) − (∂νξ
µ
(1))ξ
ν
(2), ζ
′
= (∂µζ)ξ
µ.
The action (1) (when e 6= 0) admits of the representation
S(eiµ, ωµ) =
∫
d2x
(
1
4eα
F 2 +
1
4eβ
TiT
i − eγ
)
,
where
F =
1
2
ǫµνRµν , T
i =
1
2
ǫµνTµν
i
and is equivalent20 to the action S˜ = S˜(eiµ, ωµ, ϕ, ϕi)
S˜(eiµ, ωµ, ϕ, ϕi) =
∫
d2x {(ϕF + ϕiT
i)− e(αϕ2 + βϕiϕ
i + γ)} (7)
after the auxiliary fields ϕ, ϕi have been eliminated with the help of the equations of motion
of S˜
δS˜
δeiµ
= ǫµν{∂νϕi + εijωνϕ
j + εije
j
ν(αϕ
2 + βϕkϕ
k + γ)},
δS˜
δωµ
= ǫµν(∂νϕ+ ε
ijϕieνj),
δS˜
δϕ
= F − 2αeϕ,
δS˜
δϕi
= T i − 2βeϕi.
The action (7) is invariant under the complex of the local Lorentz transformations (2) of the
initial fields eiµ, ωµ and the transformations of the auxiliary fields ϕ, ϕi
ϕ
′
= ϕ, ϕ
′
i = (Λ
−1)jiϕj, (8)
as well as under the complex of the general coordinates transformations (4) and transformations
of the form
ϕ
′
(x
′
) = ϕ(x), ϕ
′
i(x
′
) = ϕi(x). (9)
Infinitesimally, (2), (8) and (4), (9) imply the gauge transformations (with the parameters ζ ,
ξµ)
δeiµ = ε
ijeµjζ + e
i
ν∂µξ
ν + (∂νe
i
µ)ξ
ν ,
δωµ = −∂µζ + ων∂µξ
ν + (∂νωµ)ξ
ν ,
δϕ = (∂µϕ)ξ
µ,
δϕi = εijϕ
jζ + (∂νϕi)ξ
ν ,
(10)
which form a closed algebra of the form (6).
Notice that the action (7) is also invariant under the infinitesimal transformations (with the
parameters ζ¯, ξ¯i)
δ¯eiµ = ε
ijeµj ζ¯ + ∂µξ¯
i + εijωµξ¯j + 2βεklϕ
iekµξ¯
l,
δ¯ωµ = −∂µζ¯ + 2αεklϕe
k
µξ¯
l,
δ¯ϕ = −εijϕiξ¯j,
δ¯ϕi = εijϕ
j ζ¯ − εij(αϕ
2 + βϕkϕ
k + γ)ξ¯j,
(11)
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whose algebra is open on the extremals of S˜ (7)
[δ¯ζ¯(1), δ¯ζ¯(2)] = 0,
[δ¯ζ¯ , δ¯ξ¯] = δ¯ξ¯′ ,
[δ¯ξ¯(1), δ¯ξ¯(2)] = δ¯ζ¯(1,2) + δ¯ξ¯(1,2) + 2ǫµνεklξ¯
k
(1)ξ¯
l
(2)
(
α
δS˜
δωµ
δ
δων
+ βηij
δS˜
δeiµ
δ
δe
j
ν
)
,
where
ξ¯
′i = −εij ζ¯ ξ¯j,
ζ¯(1,2) = −2αεij ξ¯
i
(1)ξ¯
j
(2)ϕ,
ξ¯i(1,2) = 2βεjkξ¯
j
(1)ξ¯
k
(2)ϕ
i.
The transformations (11) correspond to a set of generators which is equivalent to that of Eq. (10)
and coincide, for the choice of the parameters ζ¯ = ζ − ωµξ
µ, ξ¯i = eiµξ
µ, with (10) on-shell
δ¯eiµ = δe
i
µ − ǫµν
δS˜
δϕi
ξν,
δ¯ωµ = δωµ − ǫµν
δS˜
δϕ
ξν ,
δ¯ϕ = δϕ+ ǫµν
δS˜
δωµ
ξν,
δ¯ϕi = δϕi + ǫµν
δS˜
δeiµ
ξν .
Notice that the result of Lagrangian quantization generally depends on the way the initial
gauge theory is chosen from the class of equivalent theories and, in particular, on the choice
of generators of gauge transformations. Thus, the study of Ref. 22 has demonstrated that a
theory with a unitary S-matrix for a certain choice of generators may prove non-unitary for
another choice. In this connection, we further concentrate on the original model (1), (3), (5),
(6).
3. Quantization of the Model
Let us consider the original model (1), (3), (5), (6) in the framework of the BV quantization
formalism23 for irreducible gauge theories. To this end, we first introduce the complete con-
figuration space φA. It is constructed by extending the initial space of the fields (eiµ, ωµ) with
the help of the Faddeev–Popov ghosts (C, C, C
µ
, Cµ) and the Lagrangian multipliers (b, bµ)
according to the number of the gauge parameters in Eqs. (3), (5) (for ζ , ξµ respectively). The
Grassmann parity and ghost numbers of the fields φA
φA = (eiµ, ωµ; b, b
µ; C, C, C
µ
, Cµ)
have the form
ε(eiµ) = ε(ωµ) = ε(b) = ε(b
µ) = 0,
ε(C) = ε(C) = ε(C
µ
) = ε(Cµ) = 1,
gh(eiµ) = gh(ωµ) = gh(b) = gh(b
µ) = 0,
gh(C) = gh(C
µ
) = −1, gh(C) = gh(Cµ) = 1.
4
Besides, we introduce for the fields φA the set of the antifields φ∗A
φ∗A = (e
∗µ
i , ω
∗µ; b∗, b∗µ; C
∗
, C∗, C
∗
µ, C
∗
µ)
with the following distribution of the Grassmann parity and ghost number:
ε(φ∗A) = ε(φ
A) + 1, gh(φ∗A) = −1 − gh(φ
A).
As is well-known, the generating functional Z(J) of Green’s functions for the fields φA can
be represented, within the BV quantization, in the form of the following functional integral:
Z(J) =
∫
dφ dφ∗ dλ exp
{
i
h¯
[
S(φ, φ∗) +
(
φ∗A −
δΨ
δφA
)
λA + JAφ
A
]}
. (12)
In Eq. (12), JA are the sources to the fields φ
A
ε(JA) = ε(φ
A), gh(JA) = −gh(φ
A),
λA are auxiliary fields
ε(λA) = ε(φ∗A), gh(λ
A) = −gh(φ∗A),
Ψ = Ψ(φ) is the gauge fermion, and S = S(φ, φ∗) is a boson functional satisfying the generating
equation
δS
δφA
δS
δφ∗A
= ih¯
δ2S
δφAδφ∗A
(13)
with the boundary condition
S|φ∗=h¯=0 = S, (14)
where S is the initial classical action.
The solution of the generating equation (13) satisfying the boundary condition (14) for the
model (1), (3), (5), (6) can be represented as a functional S = S(φ, φ∗) linear in the antifields
(we assume a regularization of dimensional type)
S = Smin +
∫
d2x (C
∗
b+ C
∗
µb
µ),
Smin = S +
∫
d2x {e∗µi X
i
1µ + ω
∗µX1µ + C
∗X2 + C
∗
µX
µ
2 }, (15)
where
X i1µ = ε
ijeµjC + (∂λe
i
µ)C
λ + eiλ∂µC
λ,
X1µ = −∂µC + (∂λωµ)C
λ + ωλ∂µC
λ,
X2 =
1
2
(∂µC)C
µ, X
µ
2 = C
λ∂λC
µ
We choose the gauge fermion Ψ = Ψ(φ) in the form
Ψ =
∫
d2x (Cχ+ C
µ
χµ),
(16)
χ = ηµν∂µων , χµ = η
λνeλi∂µe
i
ν ,
where ηµν (+,−) is the metric of the two-dimensional Minkowski space.
By virtue of Eqs. (15), (16), integrating over the variables λA, φ∗A in Eq. (12) yields the
following representation of the generating functional of Green’s functions:
Z(J) =
∫
dφ exp
{
i
h¯
(
S + SGF(φ) + SGH(φ) + JAφ
A
)}
, (17)
5
where
SGF =
∫
d2x (χb+ χµb
µ),
SGH =
∫
d2x
{
ηµν∂νC
(
∂µC − (∂λωµ)C
λ − ωλ∂µC
λ
)
−
−
(
ηµνC
λ
∂λe
i
ν − η
λµ∂ν(C
ν
eiλ)
)(
εije
j
µC − (∂σeµi)C
σ − eσi∂µC
σ
)}
.
Consider now the model (1), (3), (5), (6) in the Lagrangian version of the BLT quantization24
of gauge theories. Notice that the Faddeev–Popov ghosts are then combined into the Sp(2)-
doublets (a = 1, 2)
Ca = (C,C), Cµa = (C
µ
, Cµ),
and the fields φA of the complete configuration space are supplemented by the sets of the
antifields φ∗Aa, φ¯A
φ∗Aa = (e
∗µ
ia , ω
∗µ
a ; b
∗
a, b
∗
µa; C
∗
ba, C
∗
µba),
φ¯A = (e
µ
i , ω
µ; b, bµ; Ca, Cµa)
with
ε(φ∗Aa) = ε(φ
A) + 1, gh(φ∗Aa) = (−1)
a − gh(φA),
ε(φ¯A) = ε(φ
A), gh(φ¯A) = −gh(φ
A).
The generating functional Z(J) of Green’s functions within the Lagrangian version of the BLT
method can be represented in the form24
Z(J) =
∫
dφ dφ∗a dφ¯ dπ
a dλ exp
{
i
h¯
[
S(φ, φ∗, φ¯) + φ∗Aaπ
Aa +
+
(
φ¯A −
δF
δφA
)
λA −
1
2
εabπ
Aa δ
2F
δφAδφB
πBb + JAφ
A
]}
. (18)
In Eq. (18), εab is an antisymmetric tensor (ε12 = −1); π
Aa, λA are auxiliary fields
ε(πAa) = εA + 1, gh(π
Aa) = −(−1)a + gh(φA),
ε(λA) = εA, gh(λ
A) = gh(φA),
F = F (φ) is the gauge fixing boson functional, and S = S(φ, φ∗, φ) is a boson functional
satisfying the generating equations of the BLT formalism24
δS
δφA
δS
δφ∗Aa
+ εabφ∗Ab
δS
δφA
= ih¯
δ2S
δφAδφ∗Aa
(19)
with the boundary condition
S|φ∗=φ=h¯=0 = S. (20)
The solution of the generating equations (19) with the boundary condition (20) for the
theory in question can be chosen as a functional linear in the antifields φ∗Aa, φ¯A
S = S +
∫
d2x
{
e
∗µ
iaX
ia
1µ + ω
∗µ
a X
a
1µ + b
∗
aX
a
2 + b
∗
µaX
µa
2
+ C∗baX
ab
3 + C
∗
µbaX
µab
3 + e
µ
i Y
i
1µ + ω
µY1µ + CaY
a
2 + CµaY
µa
2
}
, (21)
6
where
X ia1µ = ε
ijeµjC
a + (∂λe
i
µ)C
λa + eiλ∂µC
λa,
Xa1µ = −∂µC
a + (∂λωµ)C
λa + ωλ∂µC
λa,
Xa2 =
1
2
(
Cµa∂µb−
1
6
εbcC
µc∂µ(C
λa∂λC
b)
)
,
X
µa
2 =
1
2
(
(bλ∂λC
µa − Cλa∂λb
µ) +
1
6
εbc[(C
σb∂σC
λa + Cσa∂σC
λb)∂λC
µc
−Cλc∂λ(C
σb∂σC
µa + Cσa∂σC
µb)]
)
,
X
µab
3 = −ε
abb+
1
2
(∂µC
b)Cµa,
X
µab
3 = −ε
abbµ +
1
2
(Cλb∂λC
µa + Cλa∂λC
µb),
Y i1µ = ε
ijbeµj + b
λ∂λe
i
µ + e
i
λ∂µb
λ +
1
2
εab
(
(eiµC
b + εijCλb∂λeµj + ε
ijeλj∂µC
λb)Ca
−Cλa∂λ(ε
ijeµjC
b + Cσb∂σe
i
µ + e
i
σ∂µC
σb)
+(εijeλjC
b + (∂σe
i
λ)C
σb + eiσ∂λC
σb)∂µC
λa
)
,
Y1µ = −∂µb+ b
λ∂λωµ + ωλ∂µb
λ −
1
2
εab[C
λa∂λ(C
σb∂σωµ + ωσ∂µC
σb − ∂µC
b)
−(Cσb∂σωλ + ωσ∂λC
σb − ∂λC
b)∂µC
λa],
Y a2 = −2X
a
2 ,
Y
µa
2 = −2X
µa
2 .
We choose the gauge boson F = F (φ) in the form (p, q are constant parameters)
F =
∫
d2x
{
p
2
ηijη
µνeiµe
j
ν +
q
2
ηµνωµων
}
.
Then, integrating in Eq. (18) over the variables λA, πAa, φA, φ
∗
Aa and taking Eq. (21) into
account, we have the following representation for Z(J):
Z(J) =
∫
dφ exp
{
i
h¯
(
S + SGF(φ) + SGH(φ) + JAφ
A
)}
, (22)
where
SGF =
∫
d2x(χb+ χµb
µ),
SGH =
∫
d2x
{
p
(
ηµν(eiλ∂νC
λa − eiν∂λC
λa)
+ηλνeiν∂λC
µa
)(
εijC
bejµ − ηij(C
σb∂σe
j
µ + e
j
σ∂µC
σb)
)
−q
(
ηµν(∂νC
a − ωλ∂νC
λa + ων∂λC
λa)
−ηλνων∂λC
µa
)
(∂µC
b − Cσb∂σωµ − ωσ∂µC
σb)
}
and
χ = qηµν∂µων ,
χµ = η
λν
{
p
(
eλi∂µe
i
ν − ∂λ(eµie
i
ν)
)
+ q
(
ωλ∂µων − ∂λ(ωµων)
)}
,
7
We finally consider the initial theory (1), (3), (5), (6) in the framework of the background
field method (see, for example, Ref. 25). For this purpose, we first assign to the initial fields
the set (A,Q) of the background A = (eiµ, ωµ) and quantum Q = (q
i
µ, qµ) fields. Secondly, we
associate the initial gauge transformations (3), (5) with two kinds of transformations, namely
background δB and quantum δQ, by the rule
δBe
i
µ = ε
ijeµjζ + e
i
ν∂µξ
ν + (∂νe
i
µ)ξ
ν,
δBωµ = −∂µζ + ων∂µξ
ν + (∂νωµ)ξ
ν,
δBq
i
µ = ε
ijqµjζ + q
i
ν∂µξ
ν + (∂νq
a
µ)ξ
ν,
δBqµ = qν∂µξ
ν + (∂νqµ)ξ
ν,
(23)
δQe
i
µ = δQωµ = 0,
δQq
i
µ = ε
ij(eµj + qµj)ζ + (e
i
ν + q
i
ν)∂µξ
ν + (∂νe
i
µ + ∂νq
i
µ)ξ
ν,
δQqµ = −∂µζ + (ων + qν)∂µξ
ν + (∂νωµ + ∂νqµ)ξ
ν .
(24)
Clearly, the action S(A + Q) in Eq. (1) is invariant under both kinds of transformations (23),
(24).
Following the background field method, we further introduce the analog Z(J,A) of the
generating functional of Green’s functions (its relation to the standard generating functional
has been established in Ref. 27)
Z(J,A) =
∫
dQ dC dC exp
{
i
h¯
(
S(A +Q) + SGF(A,Q) + SGH(A,Q;C,C) + JQ
)}
, (25)
where J = (Jµi , J
µ) are the sources to the quantum fields Q = (qiµ, qµ). In Eq. (25), SGH =
SGH(A,Q) is a functional constructed with the help of the gauge fixing functions χ, χµ (re-
spectively for the parameters ζ , ξµ) according to the requirement of invariance under the back-
ground transformations, i.e. δBSGH = 0. Given this, the functional SGH = SGH(A,Q;C,C) is
constructed by the rule
SGH =
∫
d2x (CδQχ + C
µ
δQχµ), (26)
where in the transformations δQ we make the replacement (ζ, ξ
µ)→ (C,Cµ).
Let us introduce the gauge-fixing conditions χ = χ(A,Q), χµ = χµ(A,Q) linear in the
quantum fields Q = (qiµ, qµ)
χ = egµν∇µqν ,
(27)
χµ = eg
λνeµi∇λq
i
ν ,
where e, gµν are constructed from the background fields eiµ (g
µλgλν = δ
µ
ν , gµν = ηije
i
µe
j
ν ,
e = deteiµ), and the action of the covariant derivative ∇µ on an arbitrary (psedo-)tensor field
T ν1...νlµ1...µk
j1...jn
i1...im
is given by the rule ((Ωµ)
i
j = ε
ikηkjωµ)
∇µT
ν1...νl
µ1...µk
j1...jn
i1...im
= ∂µT
ν1...νl
µ1...µk
j1...jn
i1...im
− Γλµµ1T
ν1...νl
λ...µk
j1...jn
i1...im
− . . .− ΓλµµkT
ν1...νl
µ1...λ
j1...jn
i1...im
+
+Γν1µλT
λ...νl
µ1...µk
j1...jn
i1...im
+ . . .+ ΓνnµλT
ν1...λ
µ1...µk
j1...jn
i1...im
+
+(Ωµ)
j1
p T
ν1...νl
µ1...µk
p...jn
i1...im
+ . . .+ (Ωµ)
jn
p T
ν1...νl
µ1...µk
j1...p
i1...im
−
−(Ωµ)
p
i1
T ν1...νlµ1...µk
j1...jn
p...im
− . . .− (Ωµ)
p
im
T ν1...νlµ1...µk
j1...jn
i1...p
. (28)
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In Eq. (28), Γλµν are constructed with the help of the metric gµν
Γλµν =
1
2
gλσ(∂νgµσ + ∂µgνσ − ∂σgµν).
Clearly, the covariant derivative ∇µ (28) satisfies the property
∇µ(FG) = F∇µG+ (∇µF )G,
where F , G are arbitrary (psedo-)tensor fields. At the same time, one readily establishes the
relations
∇σgµν = ∇σg
µν = 0.
We choose for SGF the functional (p, q are some numbers)
SGF =
1
2
∫
d2x e(pχ2 + qχµχ
µ), (29)
invariant, by construction, under the local Lorentz transformations of the form
e
′i
µ = (Λeµ)
i, q
′i
µ = (Λqµ)
i,
(30)
(Ω
′
µ)
i
b = (ΛΩµΛ
−1)ij + (Λ∂µΛ
−1)ij , q
′
µ = qµ,
as well as under the general coordinates transformations
e
′i
µ(x
′
) =
∂xλ
∂x
′µ
eiλ(x), ω
′
µ(x
′
) =
∂xλ
∂x
′µ
ωλ(x),
(31)
q
′i
µ (x
′
) =
∂xλ
∂x
′µ
qiλ(x), q
′
µ(x
′
) =
∂xλ
∂x
′µ
qλ(x).
At the same time, the infinitesimal form of the transformations (30) and (31) coincides with
the background transformations (23).
Notice that the (non-vanishing) quantum transformations (24) can be represented, with
allowance for the definition (28), in the form (ζ → C, ξµ → Cµ)
δQq
i
µ = ε
ij(eµj + qµj)C + (e
i
ν + q
i
ν)∇µC
ν + (∇νe
i
µ +∇νq
i
µ)C
ν − εijων(eµj + qµb)C
ν ,
δQqµ = −∇µC + (ων + qν)∇µC
ν + (∇νωµ +∇νqµ)C
ν .
Then the functional SGH (26) takes on the form
SGH =
∫
d2x e{−C∇µ∇
µC + C∇µ[(∇νωµ +∇νqµ)C
ν + (ων + qν)∇µC
ν ] +
+εijC
µ
eµi∇
ν [(eνj + qνj)(C − ωλC
λ)] +
+C
µ
eµi∇
ν [(∇λe
i
ν +∇λq
i
ν)C
λ + (eiλ + q
i
λ)∇νC
λ]}. (32)
One readily establishes the fact that the quantum action S = S + SGF + SGH (1), (29), (32) is
invariant under the complex of the background transformations (23) and the transformations
of the ghost fields
δC = (∂µC)ξ
µ, δC = −Cµ∂µζ + (∂µC)ξ
µ,
δC
µ
= −C
ν
∂νξ
µ + (∂νC
µ
)ξν , (33)
δCµ = −Cν∂νξ
µ + (∂νC
µ)ξν .
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From Eqs. (23), (33) it follows immediately that the functional Z(J,A) (25) is invariant under
the complex of the initial gauge transformations (3), (5) of the background fields A = (eiµ, ωµ)
and the transformations of the sources J = (Jµi , J
µ)
δJ
µ
i = εijJ
µjζ − Jνi ∂νξ
µ + ∂ν(J
µ
i ξ
ν),
(34)
δJµ = −Jν∂νξ
µ + ∂ν(J
µξν).
As a consequence of the invariance of Z(J,A) ≡ exp{ i
h¯
W (J,A)} under (3), (5), (34) we
have the invariance of the functional Γ = Γ(Q,A), Q = (qiµ, qµ)
Γ(Q,A) =W (J,A)− JQ, Q =
δW
δJ
, J = −
δΓ
δQ
under the complex of the transformations (3), (5) and the transformations of the fields Q
δqiµ = ε
ijqµjζ + q
i
ν∂µξ
ν + (∂νq
i
µ)ξ
ν ,
(35)
δqµ = qν∂µξ
ν + (∂νqµ)ξ
ν .
By virtue of Eq. (35), the effective action Γ(A) defined in the background field method by the
rule
Γ(A) = Γ(Q,A)|Q=0,
is invariant under the initial gauge transformations (3), (5) of the background fields A =
(eiµ, ωµ).
4. Conclusion
In this paper we have considered the model7 of two-dimensional gravity with dynamical torsion
(1), (3), (5) and performed its quantization using different Lagrangian methods. Thus, for
the model in question we have obtained the generating functionals of Green’s functions (17),
(22) within the BV23 and BLT24 quantization formalisms for general gauge theories as well as
the analog (25), (29), (32) of the generating functional of Green’s functions applied for the
construction of the gauge-invariant effective action in the background field method (see, for ex-
ample, Ref. 25). Notice that, as far as the classically equivalent20 model (7), (11) with auxiliary
fields is concerned, not only may it prove to be non-equivalent to (1), (3), (5) at the quantum
level, but also its quantization should pose a considerable problem involving the solution of the
generating equations for an open algebra of gauge transformations, as required (in contrast to
the study of Ref. [20]) by the consistent quantization procedure.23,24
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